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<§) A msttnd for discriminating a specific bass sequence from a variant tjase sequence comprises subjecting 
adiacent se gments of a target base sequence to hyt>ridisation wiiti a detectable first nucleotide probe and witti a 
second nucleotide probe to form a hybrid, ttm nucleotide sequence of ttie first and second probe being such that 
wtwre they form a spilt probe hybrid with a complementary target sequence they may subsequently be linked, 
subjecting any hybrid obtained to linkage and detecting any hybrid obtained. 
Hybridisation probes and Icits for use in such a method are also described. 
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HYBRIDISATION PROBES 

The present Invention relates to a method for th use of hybridisation probes, hybridisation probes 
therefor and kits for use in such a method. The present invention is particularly concerned with dis- 
criminating a specific base sequence from a variant base sequence and relates in particular to the 
advantages which may t>e obtained by subjecting adjacent segments of a target base sequence to 

5 hybridisation with a detectable first nucleotide probe and a sec3nd nucleotide probe. 

The present invention thus relates Inter alia to discriminating specific base sequences whilst ameliorat- 
ing tt>e problem of bacicground non-specific hybridisation commonly encountered with hybridisation short 
oligonucteotfde probes to complex genomes. 

Nucleic acid hybridisation analysis is a technique of wide applicability in the fields of biomedical 

10 research and recombinant DNA technology. \hu9 for example hybridisation probes are useful for detecting, 
monitoring, locating and isolating nucleic acids and other molecules of scientific or clinical interest. 
Particularly useful are small oligonucleotide hybridisation probes which may for example be used to detect 
changes in ONA base sequences in relation to certain disease states such as phenylketonuria, aiphaan- 
titrypsin deficiency, alpha-and beta-thatassaemia and sickle cell anaemia. These disease states are often 

rs associated with kncmn single point mutati'^ns in genes. 

Whilst short oligonucleotide hybridisation probes are of considerable utility, they are usually associated 
with a high background of non specific hybridisation particularly when used lor analysis of the genomes of 
higher organisms. This problem arises from the greater complexity of the genome. Thus for example 
mammals may contain of the order of a thousand-told more DNA per cell than baaeria. and many of the 

20 nucleotide sequences may be repeated. For any given nucleotide probe therefore stable duplexes 
(hereinafter also referred to as hyt)rids) other than the desired duplex will usually be formed. This problem 
is particulariy exacerbated by usir)g very high oligonucleotide concentrations in order to accelerate the 
hybridisation process. This problem can be circumvented by using gel electrophoresis to resolve different 
DNA (or RNA) fragments t>efore oligonucleotide hybridisation to ensure that a specifically hybridising 

25 fragment is resolved from non-specifically hybridising fragments. For example. Woo et al (Banbury Report. 
Recombinant DNA Applications to Human Disease, Cold Spring Hart)or Laboratory (1983) pi 05- 110) 
employ the Southern transfer technique to resolve smalt restriction fragments hybridising to an alphat • 
arrtitrypsin oligonucleotide probe from higher molecular weight species of DNA which also hybridise to this 
probe. 

30 Oligortudeotide hyt)ridlsation analysis of complex genomes using gel electrophoresis requires the 
preparation of pure DNA (or RNA) molecules from the organisms, fragmentation of ONA molecules by 
treatment with restriction endonucleases and. in most cases, transfer of resolved DNA (or RNA) molecules 
from the gel to a solid support for hybridisation. The complexity of tiiis procedure makes it unsuitable for 
routine diagnostic use and difflcutt to automate. 

3S Simpler meti>ods for hybridisation analysis with specifically hybridising long polynucleotide probes are 
exemplified by J Brandsma and Q Miller. Proc. Nat. Acad. Sci.(USA) Vol 77 (1980) p685l-6855 for DNA and 
by T. Manser and M L Gefter ProcNati. Acad.Sci USA Vol 81 (1984) p2470-2474 for RNA and involve 
directiy immot)illsing ONA or RNA from crude cellular lysates onto solid supports. Because of non-specific 
hytxidisation, such direct immobilisation metiiods are not usually compatible with the use of oligonucleotide 

40 probes. 

In addition to the atxjve problem of background nor>-specific hybridisation the present invention also 
relates Inter alia to simplifying the detection of translocations which hitherto have only been detectable by 
gel mettiods. 

The present Invention Is ttius based, at least in part, on ti>e discovery of a mettiod for discriminating 
45 between altemative nucleotide sequences whilst ameliorating the above-mentioned problems. The metiiod 
of the present invention is tiius of interest in inter alia simplifying the detection of translocations and 
enabling a mutation in a given base sequence to t>e readily detected by for example allowing meaningful 
analysis of directly immobilised DNA or RNA samples or alternatively DNA or RNA samples in solution. In 
tills connection It is known that the shorter tiie nucleotide probe the poorer is the selectivity of hybridisation 
so and thus correspondingly the greater is tiie background. Moreover ttie shorter jhe nucleotide probe the 
weaker is the stability of the duplex formed as measured by its melting temoernture (Tm) which is the 
temperature of the midpoint of thermal transition. The present invention is based at least in part» on the 
discovery that the different hybndisation properties f a snort nucleotide prot>e reiativ to a comparitively 
longer nucleotide prot>e may t>e xploited to advantag in discriminating between attemativ nucleotide 
sequ nc s, whilst am itoraung tho auw*a-ntonuwMocl p:c«l3ms. 
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The prwant invention is further based on me discovefV of a method whteh substantially simplifies the 
hybridisation miysis thus providinQ a robust technique lor discriminating between aftemative nucleotide 
seQueoces. 

Thus according to one f ature of the present Invention there is provided a method for discriminating 
betY»een alternative nucleotide seouences, which method compnses subjecting adjacent segments of a 
target base sequence to hybridisation vrtth a detectable first nucleotide probe and with a second nucleotide 
probe, to form a hybrid, the nucleotide sequence of the first and second probe being such that where they 
form a spilt probe hybrid with a complementary target sequence they may suDsequently be linked 
subjecting any hybrid obtained to linkage, folkjwed by detection of any hybrid obtained; 
10 the DNA sequence of the detectable first nucleotide probe and of the second nucleotide probe being su^h 
that a potential mismatch in the target sequence lies either between the said probes or at the terminal ei»d 
of one of said probes, which terminal end is contiguous with the other of the said probes: 
the method being effected such that a complementary target sequence is discriminated from a target 
seqiience with one or more non-complementary nucleotides. 
T5 Where necessary any hybrid obtained foltowing linkage may be subiected to selective denaturing. 

The presence J a linked probe may be detected by any convenient means for example seleaive 
denaturing or where one of the prot>es carries one member of a binding pair then by use of the other 
member of the binding pair. Appropriate examples of binding pairs are discussed nereinafter. It wiii be 
appreciated that one might identify either a complementary or a non-complementary target sequence by 
70 the absence of a dectectable hybrid and this is included within the scope of the present invention. 

rt will be appreciated that hitherto discriminatory specificity has been achieved by careful manipulation 
of the temperature of hybridisation and washing of bound discriminatory probes. In the present invention the 
probes are designed to hybridise to the target sequence on either side of a potential mismatch, there being 
a gap. preferably a single nucleotide gap, between the probes or the probes may be designed to hybridise 
25 to contiguous sequences in the target sequence ar^y potential mismatch being present at the terminal end 
of one of the probes which terminal end is contiguc: ' with the other probe. The effect of the present 
invention is that specificity is mainly the result of the interaction between two independently interacting 
prot)es and the means of linking the aforesaid probes, for example T4 ONA ligase. Thus the present 
Invention enables a method of discrimination to be effected in which linkage e.g. ligation by for example T4 
oo DNA ligase is expected to be less efficient where the residueis) at either the 3* or the 5' site of the 
contiguous probes to be joined are not complementary to the sequence to which they are hybridised. 
Similarty where a gap, preferably a single nucleotide gap. Is present between the two probes the present 
invention enaWes a method of discrimination to be effected in which incorporation of nucleotides with for 
example the KJenow fragment of DNA polymerase I or calf thymus DNA polymerase alpha to fill in the gap 
35 and aJtow linkage, with for example DNA ligase. will be significantly less efficient where the deoxy 
nucleotide triphosphate added, to for example the DNA polymerase reaction mixture is not complementary 
to the tBS9 residue ur>der examination. 

The present Invention thus enables the hybridisation analysis to be substantially simplified and allows 
the production of a robust technique for discriminating between alternative nucleotide sequences. Thus for 
40 example the need to rely on the use of a hybridisation or wash within a narrow temperature range and for a 
specific time may be obviated thus overcoming the difficulties inherent in any technique which relies on 
narn>w margins of error. The present Invention even renders it possible in at least certain embodiments to 
effect the hyt>ridisation analysis at room temperature. 

The method of the present invention may for example be effeCidd either by detection of a detectable 
45 signal, resulting from complenfwntary hybrid formation where a complementary target sequence is present, 
the hybrid, If necessary, being denatured, prior to detection; or by failure to detect a detectable signal, 
resulting from the absence of hybrid formation across a mismatch or from selective denaturation of any 
hybrid formed, where a target sequence with one or more non-complementary nucleotides la present. 

Thus whilst the first nucleotkJe probe must be detectable the second nucleotide may or may not be 
50 detectable depending on the embodiment of the method to be emptoyed. 

The term detectable is used herein to mean capable of detection. Thus the first nucleotide probe need 
not carry a signalling means such as a radioactive label or a non-radioactive signalling complex, although 
cuch may be present, provided that the orobe may subsequently be treated to render it capable of 
signalling. It is thus possible to discriminate between sequences in a compi x genome differing by as little 
96 as one base pair. 
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Where a split probe hybrid would be formed lollowing hybridisation, with a c mplementary target bas 
sequence, any hybnd obtained is subjected to a linking r action (or linking Ihe detectable first nuci otid 
probe to the second nucleotid probe, any hybrid obtained being subjected to appropriate treatment 
whereby any hybrid present, in which linkage of the detectable first nucleotide probe to second nucleotide 
probe has not been effected, is denatured whereas no denaturation is effected for a perfectly complemen- 
tary detectable linked oiigonucleotide-target sequence hybrid. Where a probe is designed to hybridise to a 
portion of the target sequence which conta.ns a suspected mismatch, the probe will generally be an 
oligonucleotide {as hereinafter defined). Appropriate trMtment may lor example include selective denatur- 
ation or one of the probes may comprise one member of a binding pair. Linkage of adjacent stable hybnds 
of first and second nucleotide probes results in greater hybrid thermal stability for t^-^ detectaole 
oligonucleotide hybridised to a specific target sequence as opposed to detectable oligonucieoraes hybridis- 
ed to non specific target sequences with no adjacent oligonucleotide probe present. 

The expression "oligonucleotide" as used herein means a nucleotide sequence which is eith r 
incapable of forming a hybrid with a target sequence containing as little as a single base pair mismatch or 
is capable of fomning such a hybrid, such a hybrid however being destabilised by the presence of as little 
as a single base pair mismatch such that it may be selectively denatured under conditions which would not 
denature a corresponding perfectly complementary hybrid. 

It will t)e appreciated that the potential variant sequence may be present in the segment of the larg t 
sequence to which the detectable first nucleotide probe hybridises, it may be present in the segment of the 
target sequence to which the second nucleotide probe hybridises or it may be present between the said 
segments. The probes will be designed such that where the potential variant sequence is present in th 
segment of the target sequence to which either the detectable first nucleotide probe or the second 
nucleotide probe hybridises, then the potential variant sequence will be at the terminal end of one of said 
probes, which terminal er>d is contiguous, with the other of the said probes. 

Thus for example where the potential variant sequence is present in the segment of the target 
sequence to which the second nucleotide probe hybndises. formation of a split probe hybrid, will result 
either in formation of a weak hybrid of the second probe across the mismatch or if the second protje is very 
short no hybridisation at ali. Where a weak hybrid is formed selective denaturing will result in denaturing of 
the second probe hybrid. If the hybrid obtained is then subjected to linking, linkage can only take plac 
where the second probe is hybridised to the target sequence and thus where no mismatch exists in the 
second probe: target sequence hybrid. If the hybrid obtained after linking is subjected to selectiv 
denaturing any hybrid preserrt in which the first probe alone is hybridised to the target sequence without 
linkage to the second prot>e will denature thus leaving detectable probe hybridised only to the target 
sequence which does not contain a mismatch with the complementary sequence of the second probe. 

The first or second nucleotide prot>e may If desired have one member o* a binding pair. Generally th 
one member of a binding pair will t>e carried by. or be part of. the second nucleotide probe. The other 
member of the binding pair may be in solution or on a support. Thus where appropriate, the second 
nucleotide probe linked to the detectable first nucleotide probe may be isolated on a support carrying the 
other memt>er of the binding pair. Such a binding pair may for example be a protein-ligand or antigen- 
antibody interaction such as an avidin-biotin or dinitrophenyl-antidinitrophenyl antibody interaction. 

Indeed one member of the binding pair may be a nucleotide sequence, which sequence may be a 
portion of the probe sequence or may be a nucleotide sequence branch on the probe. The other memt>er of 
the binding pair may for example be a protein which binds to the nucleotide sequence or another nucleotide 
sequence to which it hybridises. 

The hybridisation ar)d/or selective denaturation is preferably effected at a temperature selected to give 
effective hybridisation selectivity, preferably maximum hybridisation selectivity for the specific length of the 
linked probe. Advantageously the hybridisation and/or selective denaturation is effected in aqueous solution 
ct an slevated temperature suitable for selective hybridisation to a mammalian genome which for a split 
probe when linked is preferably above 60*C generally about 68»C. Alternatively hybridisation and/or 
selective denaturation of such a split probe when linked may te effected at a lower temperature in the 
presence of an organic solvent which is effective to destabilize the hybrid, such as a solvent containing 
formamide. For example where about 50% formamtde is used tt>e hybridisation and/or selective denatur- 
ation is ffected at about *2'C. - . 

|n a furth r emtx)diment of the present invention there is provided a method of hybridisation probing 
which comprises subjecting adjacent segments of the target base sequenc to hybridisation with a 
detectable first nucleotide probe and with a second nucleotide prooe such that a split prooe hybrid would 
be formed with a complementary target sequence, wh re necessary subjecting the hybrid obtained to 
selective denaturing whereby to denatur whichev r of th first and second nucleotide probes is hybridised 
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to a portion of the target twse sequence with on or mor non-com ptementary nucleotides and 3ut>se* 
quently subjecting th hybrid obtained to a linking reaction whereby to link together the detectable first 
nucleotide probe to th second nucleotid probe and wher necessary subjecting the hybrid obtained to 
selective denaturation whereby to discriminate be^veen a target sequence complementary to the firjt and 

5 second nucleotide probes and a target sequence with one or more nucleotides non-comoiementary to one 
of the first and second nucleotide probes. 

The hybridisation or selective denaturation may be effected for example at a temperature above the 
melting temperature of the split or single nucleotide probe hybrid but below the melting temperature of the 
linked protM hybrid or in the preserKe of an organic solvent effective to destabilise the hybrid as discussed 

10 atx5ve. Where hybridlsatiof) is effected under selective denaturing conditions a further selective denaturi'-q 
step after the hybridisation but before linking may be avoided. 

The first arxJ second nucleotide probes may be linked by any convenient means known ger se such as 
for example by enzymatic ligation using, for exjmple. a DNA llgase or by covalentynon-covatent linking 
using for example a biotin-avidin cross*tlnk. 

15 The detectable first nucleotide probe and/or the second nucleotide probe may initially not be capable of 
beirfg linked, e.g. Ilgated, togettw until the gap(s) t^tween them is (are) filled with ONA polymerase in the 
preserve of tt>e target sequerKe of interest. 

The effect of linking the detectable first nucleotide probe and second nucleotide probe is to increase 
the thermal stability of the cross-linked probe hybrid obtained over the corresponding detectable probe 

20 hytKid alone. Thus for example the temperature of the linked probe hybrid may be increased to a 
temperature which denatures tt^ corresporKling split probe hybrids or a corresponding hybrid in which only 
or)e of the detectable first nucleotide probe and second nucleotide probes Is hybridised to the target base 
sequence. The linked probe hybrid which Includes the complementary target base sequence is thus left 
intact The metfxxl of the present invention thus enables one to discriminate a base sequence which is 

25 perfectly complementary to the detectable probe sequence from alternative sequences. 

It will be appreciated that while the above embodiment of tne invention is most useful for directing 
oligonucleotides to specific hybridisation sites in complex genomes in order for example, to analyse for the 
presence of point mutations it Is also of use for analysis of other variations in complex genomes such as 
translocations. For analysts of translocations. It is preferred that the non*detectable second polynucleotide of 

JO a split probe will have one member of a binding pair associated therewith and will hybridise to genomic 
sequences adjacent to potentiaJ transkxation breakpoints. The detectable probe will preferably be several 
kilobases long and span a region of potential translocation breakpoints. Quantitative linkage of poly- 
nucleotides comprising tf>e split probe following hybridisation will only occur where the genomic region is 
contiguous snd uninterrupted by transbcations. The occurrence of a translocation will preclude a proportion 

js of the detectable probe from linking to the non-detectable polynucleotide. On subsequent denaturation of 
hybridised polynucleotide and application of the other member of the binding pair, a proportion of the 
detectable polynucleotide will not then be found to be associated with tiie polynucleotide complexed with 
the other member of the binding pair. The binding pair will preferably comprise an antigen-antibody or a 
biotin-avidin interaction whereby, for example, denatured hybrids are passed through a solid phase 

40 complexed with one member of the bindir^g pair artd the eluate analysed for the presence of the detectable 
probe. ^ 

Thus in a further emtxxJiment of the invention we provide a method for the analysis of translocations in 
a target base sequence e.g. a complex genome in which the detectable first nucleotide prot>e is adapted to 
hybridise across a region of potential translocation(s) and the non-detectable second nucleotide probe is 

46 adapted to hybridise to sequences adjacent to said potential translocation(s), the non-detectable second 
nucleotide probe carryir>g one member of a binding pair, the method comprising formation of a split probe 
hybrid which is subjected to linking to form a linked probe hybrid which hybrid is then denatured. 

In another emtxxiiment of the present invention, there is provided a method as hereinbefore defined 
wherein each of the detectable first nucleotide probe and second nucleotide probe carry a moiety such that 

50 after hybrid formation, and denaturation. where appropriate, a signal is only detectable if a nucleotide 
sequence is obtained which carries both the moiety attached to the detectable first nucleotide probe and 
the moiety attached to the second nucleotide probe. 

The nucleotide probes may for example be oligonucleotide probes. 

The method of this embodiment might for example be effected using non-radioactive energy transfer 
55 procedures (see for example European Patent Publication No. 70685 of Standard Oil Co.) or enzym 
chanelling techniques (see for xample European Patent Publication No. 95087 of Syva Co.). Thus tnis 
embodiment may provide a homog nous assay lor a specific target nucleotide sequence. 
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In another embodiment of th invention there is provided a method for discriminating between 
aftemative nucleotide sequences in which a target sequence is subjected to hybridisation with m r than 
two oligonucleotide probes such that wh r a complementary target sequence is present a split probe 
hybrid is obtained, the detectable first nucleotide probe being a terminal oligonucleotide probe which is 
detectable and the second nucleotide probo being the other terminal oligonucleotide probe which has 
attached thereto one member of a binding pair. Individual other oligonucleotide probe(s) t)eing hybridised 
separately but adjacently to a contiguous target sequence between the said terminal oligonucleotide probes, 
the hybrid obtained is then subjected to selective danaturation whereby to denature any oligonucleotide 
probe hybridised to the target sequence across a base pair mismatch, and the individual oligonudecti^v^ 
probes linked to join the detectable oligonucleotide probe to the oligonucleotide probe hav- * one m mber 
of a binding pair attached thereto to form a linked probe hybrid which is then denatured and contacted with 
the other member of the binding pair whereby the detectable linked probe nucleotide sequence including 
the said binding pair may be separated from other nucleotide sequences. Thus one terminal oligonucleotide 
{hybridising adjacent to a series of other otinonucleotides) for example has attached thereto a detectabi 
signalling moiety while the other terminal oligonucleotide has attschco a moeity forming pan of a binding 
pair the moiety being effective to enable the oligonucleotide to be recovered in solution from a mixture 
containing other nucleotide sequences. Adjacently hybdridised oligonucleotides are linked togeth r by 
appropriate treatment in order to effectively join the signalling and binding moieties via a linked probe 
where no oligonucleotide hybrid is denatured prior to linkage. Loss of any individual oligonucleotide hybnd 
results in subsequent failure to join the signalling and binding moieties. The linked probe hybrid ts 
denatured and contacted with the other member of the binding pair which recognises one terminal 
oligonucleotide in the linked probe. The linked probe may thus if desired be separated from other 
oligonucleotides in the mixture and then analysed for the presence of the detectable moiety 

Thus the association of the binding oligonucleotide with the signalling oligonucleotide is dependent on 
the presence, upon linking of adjacently hybridised oligonucleotides, of all adjacent oligonucleotides 
Ijetween the hybridised signalling oligonucleotide and the binding oligonucleotide. The binding pair effecting 
separation of the linked protM with an associated binding moiety may t^e avtdin and biotin or an antigen and 
associated specific antibody. This embodiment provides for analysis of longer stretches of target nucleotid 3 
sequence than with just two adjacent hybridising linked or split prot)es as in other embodiments. 

A further embodiment of the present invention comprises hybridising the detectable first nucleotid 
probe ar)d second nucleotide probe to each side of a potential variant sequence in a target sequence and 
subsequently attempting to link the said probes, preferably by the use of DNA polymerase introducing a 
nucleotide(s) complementary to either the normal or the suspected vanant sequence and ligation, followed 
by detection of any hybrid obtained. Such detection may for example be effected by subjecting any hybrid 
otrtained to selective denaturing whereby any hybrid present, in which linkage of the detectable first 
nucleotide probe to the second nucleotide probe has not t>een effected, is denatured. 

The ONA polymerase used may for example be ttie Klenow fragment of DNA polymerase I or catf 
thymus DNA polymerase alpha. Ligation is preferably effected with DNA ligase. The detectable first 
nucleotide probe and second nucleotide probe are preferably such that they hybridise to the target 
sequence v^ereby to leave a gap of a single nucleotide between the said picbes. 

Where it is desired that the nucleotide probe should carry a signal or a residue capable of producing a 
signal, such signals or residues may be known ger se e.g. a radioactive lafc>el. 

The residue which is capable of producing a non-radioisotopic signal may alternatively comprise a 
signalling part normally separated from the oligonucleotide by a spacer group. This spacer group may if 
desired be linked to the signalling part of the complex by a direct covalent link or by a protein-ligand or 
antigeivantibody interaction, 1or example, an avtdin*biotin or dinitrophenyl-antidinitrophenyl antibody inter- 
action. It wilt be understood that the signalling part of the residue may itself be capable of signalling or may 
be capable of producing a signal by interaction with an appropriate agent according to methods known ger 
se . Thus, for example a preferred signalling part of the covalently attached residue incorporates a system 
for producing an enzymaticallyactivated production of colour change. Preferred enzyme systems involve 
alkaline phosphatase, acid phosphatase, beta galactosidase. luciferase, or horseradish peroxidase. Such 
enzyme systems are not themseh/es capable of signalling, but are capable of producing a signal in the 
presence f an appropriate substrate according to methods known ger se: The signalling part of th 
covalently-attached residue may operate according to any conventional technique such as for example by 
lumin sc nee. fluorescence or by means of colour. 
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In use it will gefwaiiy be necessary for nuc! ic acid probe to d tect minute amounts of the fully 
complementary oligonucleotide sequence. In such circumstanc s it will be advantageous to incorporat 
within the probe a means of amplifying th signal. The amplification can be carried out by known 
techniques, for example using one or more of the systems described in European Patent Publications 
27036 (SelO. 49606 (Self). 58539 (Self) and 601 23 (Self). 

According to a further feature of the present invention there are provided split probe hybrids which 
comprise a detectable first nucleotide prot>e and a second nucleotide probe hybridised to adjacent 
segments of a target base sequence, the detectable first nucleotide probe being capable of linkage to the 
second nucleotide prot>e. 

The detectable first nucleotide prot>e preferably has a nucleotide sequence homologous to a . ^ment 
of a base sequer>ce associated with a disease state or homologous to a target base sequence adjacent to 
stich a variam sequence or homologous to the corresponding normal sequence. Such a variant sequence is 
gef)erally a point mutation. Where the sequence of the detectable first nucleotide probe is adjacent to a 
variant sequernre the sequences of the nucleotide prot>es are such that they are preferably homologous to 
segmems of the target base sequence either side of the potential variant sequence. 

The norwiucteottdyl cros8*link may for example be a disulphide link or a biotin-avidin link. 

At least the first nucleotide probe la detectable and thus preferably candles a signal or a residue capable 
of producing a signal as described atxive. 

In order to enable the mettKxJ of the present invention to be effected conveniently it will generally be 
advantageous to incorporate the nucleotide probes in a kit and this kit is therefore regarded as a further 
feature of the invention. 

Thus according to a further feature of the present invention there is provided a kit for discriminating 
between alternative nucleotide sequences which comprises a detectable first nucleotide probe and a second 
nucleotide probe, each probe having a nucleotide sequence homologous to adjacent segments of a target 
sequerice, a potential variant sequence being present in one of said segments or therebetween; the kit 
additionally comaining a reagent(s) for linking said probes wt>ere the probes are not so linked. 

The polemiaJ variant sequer>ce wilt commonly be a point mutation associated with a disease state. In 
such a case the kit wilt preferably contain a detectable first nucleotide probe and second nucleotide probe 
for detecting a point mutation associated with a disease state as weW as a detectable first nucleotide probe 
and a second nucleotide prcbe for detecting the corresponding normal sequence in which the point 
mutation was absem. 

tt will be appreciated in this regard tiiat certain disease states are characterised by point mutations 
which appear in different regions of tt^e human DNA genome. In such a case it would be important to 
determine that each relevant point mutation was present or absent and thus more than one set of probes 
(detectable first nucleotide probe and second nucleotide probe at least) would be employed, one set of 
probes to detect the preserve or absence of each point mutation. It would also be advantageous to include 
in the kit set(s) of probes for the corresponding normal or variant sequence. 

The kit will also advarttageously contain means for extracting DNA and/or means for immobilising DNA 
on a solid support 

If desired at least one of tiie detectable first nucleotide probe and second nucleotide probe may carry 
one member of a binding pair, ti^ other member of the binding pair being present for example on a solid 
support provided with the kit. 

The kit will also comprise appropriate buffer solutions and/or washing solutions and will contain written 
or printed instructions for use of the kit according to the method of tt>e present invention. 

With reference to tt>e drawings.- 
Figures 1, 2 and 3 are autoradiographs in which I represents the DNA sequence of human interferon alpha? 
in the plasmid plFSIIOI as set out in Edge et al. Nucleic Acids Research Vol 11. (1983) p64l9 to p6435 
and K represents ttw DNA sequence which codes for the interferon apha? analogue [Ata^lFN-alpha^ in 
which the codon TCC Is replaced by OCT. This anak>gue base sequence Is herein designated as pK9. 

Figure 4 is an autoradiograph in which lane M shows a signal corresponding to a 32 base long 
oligonucleotide marker band, lane 1 shows a signal corresponding to a 32 base long ligation product 
derived from oligonucleotides 11(-1) and 13 (see hereinafter) each with a single dCTP residue incorporated 
at its 3' end. Lanes 2 to 5 fail to shown any signal correponding to a 32 base long dligonucieotid . 

Figure 5 shows an autoradiograph of aliquots of ligase reaction mixtures containing 5' OH trg 3, 5' OH 
trg 4. 5' 32p CPN1 and 5* CRN2 carried out between 0 and 40*C. tbes temoeratures of incubation 
appearing at th top of the autoradiograph. 0-is a no nzym control. BPB indicates the position of the 
bromophenol blue marker dye. 
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Figure 6 shows an autoradiograph of aliquots of ligase reaction mixtures containing 5' OH trg 3, 5' OH 
frg 4. 5' »p CRNt and 5' "o GRN4C carried out between 0 and 40*C. these temperatures of inculcation 
appevtng at the top of the autoradiograph. 0*is a no enzym control. BPB indicates the position of th 
bromophenol blue marker dye. 
5 Figure 7 shows an autoradiograph of aliquots of ligase reaction mixtures containing 5' OH trg 3. 5' OH 
Jrg 4. 5* »p CRN1 and ^p CRN6C carried out between 0 and 40*C, these temperatures of incubation 
appearing at the top ot :ie autoradiograph. 0-is a no enzyme control. BPB indicates tho position of th© 
bromophenol blue marker dye. 

The invention is illustrated, but not limited, by the followir>g Examples. In the Examples, unl ss 
10 otherwise stated, the solutions are aqueous and the % values are w/v. 

The constitution of various reagents is as follows:* 
SSC is 0.1 5M NaCI 0.01 5M sodium citrate: 

Kinase buffer Is 0.066M Ths.HCI pH 7.6, imM spermidine. 0.01 M MgClj, 15mM dithiothreitol and 0.2 mg/mi 
bovine serum albumin (BSA); 
75 10 X CORE BUFFER is 500 mM Tris HCI pH8, 100 mM MgCij. 500 mM NaCI; 

10 X nick tranlation buffer is 0.5 M Tris.HCl (pH 7.2), 0.1 M MgSO*. imM dithiothreitol and 500 ug/ml BSA 
(Pentax, fraction V); 

Triton-X-100 is a polyoxyethylene ether surface active compound: 

Ficoll is a nofwonic synthetic polymer of sucrose having a molecular H^^lght of approximately 400.000 in 
20 dialysed and lyophilised form: 

Nonidet P-40 is an octyl phenol ethylene oxide condensate containing an average of 9 moles ethylene 
oxide per molecule: 

Denhardt's reagent is 0.2 g/l Ficol 400.000, 0.2 g/l polyvinyl pyrrolidone (PVP) and 0.2 g/1 bovine albumin 
(BA): 

25 PBS • (phosphate birffered saline) is 0.01 M sndium phosphate pH 7.4 and 0.1 3M NaCI; 

SSPE Is 10 mM sodium phosphate pH7. 0.1 er^^ NaCI and 1 mM EOTA; 
The foltowing contractions are used:- 

DNA deoxyribcnucieic add 

tRNA transfer ribonucleic acid 
00 EOTA ethylertediaminetetraacetic acid 

PBS phosphate buffered saline 

SOS sodium dodecyl sulphate 

2 X SSC double concentration SSC 

6 X SSC six times concentr ati on of SSC 
M 20 X SSC twenty times concentration of SSC 

BSA bovir)e serum albumin 

BA bovine albumin 

PVP polyvinyl pyrrolidone 

Tris tris(hydroxymethyl)aminomethane 
40 10 X Core buffer ten times the concentration of CORE BUFFER 

ATP adef)osJne triphosphate 

NP40 Nonktot P.40 

10 X nick translation buffer ten times the concentration of nick translation buffer 
The folknving are trade marks 
45 Minifokl 
Triton-X-lOO 
CORE BUFFER 
Rcoll 



BCAJWPLE1 

Plasmids used for niigonucleotide hybridisation analysis were pIFStlOl (Edge et al.. Nucleic Acids 
Research. Vol 11 (1P83) p6419 to 6435) and a derivative th reof d signaled herein as pK9 in wmch th 
85 codon GOT coding ft)r alwnin is pres nt at amino acid position 28 in place of th codon TCC which codes 
for s rin in HulFN-alphaj. Aliquots of 1 ug. 100 ng and 10 ng wer diluted to 153 ul in wat r. To thos 
were added 30 ul 2MNaOH. 17 ul 1M Tris.HCl pH7.4 and 100 ul 20 x SSC (SSC is 0.15M NaCI, 0.015M 
sodium citrat ). Samples w re h ated to 100* C for 10 minutes, thert placed on ice and 70 ul 1M Tris.HCl 
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phi was addod. Dilutions of plssmki ONA were filtered onto BA 85 nttrocellul se filters (Schleicher and 
Schuetl Keene. N.H.. USA) using a Schleicher and Schueii Min>foid It apparatus acc rding to the 
manufacturer's instructions. The nrtroceliulose paper was cut to fit the Minifold apparatus and wetted by 
noating on 2 x SSC t)efore mounting in the apparatus. ONA samples were then aopHed to the wells and 

s filtered at a rate of approximately 0.5 ml per minute. The nitrocrilulose was then air dried for 10 minutes 
and baked at 80*C for 2 hours in vacuo . The oligonucleotides 11 and 13 (Edge et al.. see at»ove) 
corresponding to the sequerKe oi the synthetic interferon alph%j gene in piFSIlOl were used for 
hybridissuon. Ollgonuclectides 11 and 13 have the following ONA sequences:- 
Oligonucleotide 11 5' CQTATCTCCCTQTTC 3' 

10 Oligonucleotide 13 5' TCCTQTCTQAAAGAC 3' 

OligoTYucleotlde 13 was lat>elled with as follows: to 400 ng of oligonucleotide in 18.5 ul KbO was addod 
20 ul gamma ATP (Adenosine 5'-[^P)triphosphate. triethytammonium salt in aqueous solution, aoprox. 
3000 Cl/nmol, 10 uCiAjl. Amersham International), 4.5 ul 10 x kinase buffer (10 x butter ■ 0.66M Tris. HCI 
pH7.6. lOmM spermidine. O.IM MgClj. 150nM dithiothreitol and 2 mg/ml bovine serum albumin (BSA, 

TS Nucleic Acid Enryme Grade. Bethesda Research Laboratories)) and 2 ul T4 polynucleotide kinase (5 
units/ul. Boehrlnger Mannheim). After 1 hour at 37»C. half of the sample was aoplt^ to a 4 ml column of 
Blogel P2 (Biorad: pre^uilibrated with lOmM TrIs.HCI pH8. ImMEDTA). The ^p labelled nucleotide was 
eluted in the void volume of ttw elution buffer comprising lOmM Tris.HCI pH8. ImM EDTA. 100 ng of 
labelled oligonucleotide probe was used for hybridisation together v -^m 100 no unlat>elled oligonucleotide 

20 11. Nitrocellutose filters onto which pIFSIIOI or pK9 ONA had been immobilised were prehybridised for 2 
hours at 68*0 in 5 x Denhardt's reagent (1 g/l Rcoll. 1 g/1 polyvinylpyrrolidone, 1 g/1 BA (bovine albumin, 
Fraction V. Miles Laboratories). 5 x SSC. 50mM sodium phosphatfe pH7. 1% glycine, 0.1% sodium dodecyl 
sulphate (SOS) and 100 ug sonicated denatured herring sperm ONA (Sigma). Hybridisations were per- 
formed In 2 mis of 5 X SSC. 0.5% NP40 (BOH) and 250 ug/ml tRNA (Sigma, type X-S) with 100 ng of either 

35 Oligonucleotides 11 and 13 added together or. as a control. 100 ng of oligonucleotide 13 added alone. 
Hybridisations were performed overnight At room temperature. Filters were then washed in 6 x SSC. 0.06% 
sodium pyrophosphate and 20mM sodium phosphate buffer. pH7 for 5 minutes at room temperature and, 
after changing tt>e wash buffer, for a further 3 minutes at room temperature. Filters were then treated with 
phosphate buffered saline (PBS; 0.01 M sodium phosphate pH7.4, 0.1 3M NaCI) containing 2% BA and 0.1% 

30 TritOf>-X-100(BDH) for 30 minutes at 16*C. Filters were then rinsed 5 times with PBS and 2% BA to remove 
the Tritor>-X-100. For cross-linking of hybridised probes, filters were treated with SBmM Tris.HCI pH7,8. 
SmMMgCb. 5mM dithiothreitol, ImM ATP. 500 ug/ml BSA and 0.3 U/ul T4 ONA ligase (Boehringer. 5U/ul). 
Incubation was for 80 minutes at 16*0. RIters were then washed at 60*C for 20 minutes in 6 x SSC, 0.06% 
sodium pyrophospK-ete and 20mM sodium phosphate pH7. The fitters were then wrapped in Saran wrap and 

» exposed to autoradiographic film for 2 days. Rgure 1 shows that after the final wash at 60*0. an 
appreciable autoradiographic signal was observed only for the plasmid pIFSllOl (I) where hybridised 
oligonucleotides 11 and 13 had been cross linked by ligation. A background signal corresponding to 
immobilised pK9 (K) was observed after hybridisation and cross linking of oligonucleotides 11 and 13. This 
background signal represented about 1% of the corresponding signal obtained for plFSllOl and resulted 

40 from the minimal hybridisation of oligonucleotide 13 because of hybrid mismatches with the corresponding 
region of the plasmid pK9. Thus adjacent hyt>ridised oligonucleotide probes were shown by this example to 
cross link efficiently by ligation on nitrocellulose filters. Moreover, with the experimental conditions 
described the ligation time coukj be reduced to 5 minutes without any toss of autoradiographic signal 
intensity. 

4S 

EXAMPLE 2 

High molecular weight ONA was isolated from the lymphoblastoid line Oaudi using the method of Blin 
50 and Stafford (Nucleic Acids Research, Vol.3 (1976) p2303). 200 ug of Oaudi ONA was diluted into 320 ul 
H^O and to this was added 40 ul of 10 x CORE BUFFER (Bethesda Research Laboratories) and 40 ul EcoRI 
(50 units/ul l^orthumbria Biok)gicals. Cramlington, Northumberiand. UK). Following an incubation at 37»C for 
3 hours, the solution was extracted with an equal volume of phenol/chloroform (1:1). then with 1 volume of 
chtoroform and finally three times with 1 volume of HjO saturated ether. The ONA was adjusted to 0.3M 
55 sodium acetate and precipitated with 2 volum s of ice cold ethanol. The ONA pellet was washed in cold 
70% ethanol and th pellet, dried and redissolved In 100 ul H2O. 
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3 ug of the plasmids pIFSllOI and pK9 (see Example 1) were dissolved in 17 u) M?0 and to tnis was 
added 2 ul 10 x CORE BUFFER and 1 u! EcoRl (see aPove). The mixture was incubated for 3 hours at 
37*C and was followed by solvent airtractions and EtOH precioitations as for the Daudi ONA above. Th 
dried pellets were redissotved in 10 ul H?0. 

10 ug of EcoRl digested Daudi DNA was mixed with 1 ng aliquots of either pIFSllOl or pK9 and 
subjected to gel electrophoresis on a 0.5% horizontal agarose gel as described in Maniatias et al (Molecular 
Cloning, A Laboratory Manual: Cold Spring Harbor Laboratory. 1962). Following electrophoresis, DNA was 
either transferred onto nitrocellulose fitters by the Southern transfer procedure (Maniatis et al) for subse* 
quent hybridisation or, alternatively, DNA was probed directly within dried agarose gels prepared as 
described by Studencki and Wallace (DNA. volume 3, p7 to 15 (1984)). For DNA transferred ^nto 
nitrocellulose filters hybridisation was as described in Example 1 except that the hybridisation temperature 
was 32*C using 100 ng oligonucleotide 11 and 100 ng 32p labelled oligonucleotide 13 as probes. The filters 
were washed for 30 msrutes at room temperaiure in 5 x SSC. 0.06% sodium pyrophosphate and 20mM 
sodium phosphate pH7 ^nd then at 40*C. for 15 minutes to remove most of the »p labelled oligonucleotide 
associated with the pK9 plasmid DNA. The filters were then exposed at •70*C to Kodak X-Omat AR Rim 
using intensifying screens. After this 40*C wash, a background signal derived from hybridisation to Daudi 
cell DNA was still evident as shown In Figure 2. 

Dried agarose gels were hybridised directly with 100 ng of both oligonucleotides 11 and "p labelled 13 
in 50 mM sodium phosphate pH7, 0.9 M NaCI. 5 mM EDTA, 0.3% SDS and 10 ug/ml E.coli DNA at 32*C 
overnight. The dried gels were subsequently washed in 2 x SSPE (SSPE Is tOmM sodium phosphate pH7. 
0.18M NaCI, ImM EDTA) and 0.1% SDS at room temperature for 30 minutes and then at 40«C for 15 
minutes in the same washing buffer. The result was similar to that observed on nitrocellulose filters (Figure 
2). In order to remove background due to hybridisation to Daudi cell DNA, oligonucleotides 11 and 13 
hybridise to DNA immobilised either in nitrocellulose or dried gels were cross^inked by ligation, as 
described in Example 1. and finally washed at 60 *C for 15 minutes as above. This resulted in a single band 
coaesponding to 1 ng of plasmid pIFSllOl with little observable background and with no signal evident 
corresponding to pK9 DNA as shown in Figure 3 for DNA immobilised on nitrocellulose. 



EXAMPLE S 

The plasmid DNA used for analysis was pIFSllOl (Edge et al.. Nucleic Acids Research, vol. 11 (1983) 
p6419 to 6435). 2 ug of pIFSllOl plasmid DNA was digested with EcoRl (20 units. Bethesda Research 
Laboratories) In a reaction volume of 20 ul for 2 hours using conditions recommended by the enzyme 
supplier. The reaction mixture was extracted once with phenol: chloroform (1:1) and once with chloroform 
before adding 2 ul 3M sodium acetate pH 5.2 and 45 ul ethanol. The DNA was precipitated at -20*C 
overnight, washed In 70% EtOH and dried prior to resuspension in 30 ul KbO. 

The oligonucleotides used for analysis were designated 11(*1) and 13 where oligonucleotide 13 was 
usGd to construct at the synthetic Interferon alpha? gene in pIFSllOl and oligonucleotide 11{-1) is a 
derivative of oligonucleotide 1 1 used for gene construction with a sequence shifted 5* by 1 base. Thus the 
sequences of the oligonucleotides were as follows:* 
Oligonucleotide 1 1 (-1 ) 5'CCGTATCTCCCTGTT3' 
Oligonucleotide 13 5TCCTQTCTGAAAQAC3' 

Oligonucleotide 13 was 5* end labelled with ^p using polynucleotide kinase as described for synthetic 
linkers (fonward reaction) in Molecular Cloning, a Laboratory Manual (Editors: Maniatis, Fritsch and 
Janbrook, Cold Spring Hartx>r). The kinase reaction was stopped by heating to 70*C for 10 minutes 
followed by 2 successive phenol extractions. The solution was then extracted with ether and excess ether 
was btown off. 

4 ul aliquots of EcoRl digested pIFSIlOl DNA were added to 50 ul atiquots of a solution of 10 x SSC, 
1% NP40 and 0.5 ug/ml tRNA, 1 pmole aliquots of ^p labelled oligonucleotide 13 either with or without 1 
pmole of oligonucleotide 11(-1) was added and tht* solutions diluted to 100 ul with water. The solutions 
were heated to 100*C for 5 minutes and then placeil in a water bath at 39'C for 2 hours in order for the 
oligonucleotides to hybridise to the target pIFS1 101 DNA. 

DNA samples were dissolved in 10 ul H7O to which was added 1 ul of either 2nM dCTP or 2nM dGTP 
(PL Bioch micals). Then 2.5 ul of 10 x nick translation buffer (see Molecular Cloning, a Laboratory Manual 
referred to abov ) 10 x buffer is 0.5 M Tris.HCl (pH 7.2). O.lM MgS04 ImM dithiothreitoi and 500 ug/ml 
BSA (Pentax. fraction V) was added and th solutions were diluted with water to 25ut. 2 Units of the Klenow 
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fragment of DNA poty"t©f8se I (Boehringer) was added and the solutions incubated at room temoefatuf for 
30 minutes. 1.5 ul 10 x ntck translation buffer was added togeth r with 4 uMO mM ATP and 7.5 al H7O. 2 
units of T4 ONA llgas (Bettmsda Research Laboratori s) were added and the solutions w re incubated at 
t4»C for 4 hours. 

2 ul of reaction ml)cturei were analysed on an 8% nath'e polyecrylamlde qel, Pnor to loading, samples 
were heated to 100*C for 5 minutes and raoldty cooled on ice before adding 1 m of gel loading buffer 
(0.25% bromoohenol blue, 0^5% xylene cyanot and 15% Rcoll type 400). Rgure 4 shows the results of 
this gel analysis. An autoradiographic signal corresponding ;o a 32 base long oligonucleotide marker band 
{lane M) was observed only In lane 1 where the polymerase reaction had Included dCTP prior to ligase 
treatment. Other samples included polymerase treatment with dCTP present but without ligase atment 
(lar>e 2) or without oligonucleotide 11(-1) (lane 5). Inclusion of dGTP in place of dCTP in the polymerase 
step either with llgrse treatment (lane 3) or without ligase treatment (lane 4) did not result in an 
autoradiographic signal In ttie 32 base position. 

These results Indicate that production of the 32 base lonq ligation product derived from oligonucleotide 
11{-1) and 13 requires inclusion of the correct deoxynuckotldc triphosphate (dCTP) for niling in the single 
base pair gap opposite a 0 residue between the ind* .:Jua»:y Myk)rldlsed oligonucleotides. Inclusion of the 
Incorrect nucleotide (e.g. dQTP) or, by Inference, 8Uiljtitut*uii of the Q residue In the gap by an aitornative 
residue, precludes the formation of the 32 b<ise torn ligation product. Thus this constitutes a d.a^nostlc test 
for ttie presence or absence of a specific nucleotide in a target ONA sequence. 



BCAMPtE4 

In a further exemplification of the Invention a systematic study was performed on the effect of 
mismatches on ligation with T4 DNA ligase over a range of temperatures. Every possible - tsmatch 
possibility within one strand of a seven base-pair overlap was examined (Table 1 ). Ligation of mismatcned 
oligonucleotides was assayed in competition experiments in the presence of equimolar quantities of the 
non-mismatched oligonucleotide CRN 1. The sequences con-espond to the -35 region of the E. coii trp 
promoter Windass, J D et al Nucleic Acids Research 10. 6839-6657 (1982)). All oligonucleotides in this 
study were characterised by ONA sequencing (Maxam A M and Gilbert W.. Proc. Natl. Acad Sci. USA 74. 
560-564 (1977)). Ligation products were quantiRed after separation by polyacrylamide gel e: j^ctrophoresis 
by Cerenkov counting of radioactivity In putative product bands. In all cases where a mismatched 
oligonucleotide was Itgated in the presence of the fully complementary oligonucleotide CRN 1 the yields of 
mismatched ligated product were minimal until the mismatched bcse was separated from the ligation point 
by 6 base pairs and until the temperature of the ligation reaction in these cases was less then 35 *C. 
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Tabl» 1 

TCTTCACTCCCCGT 3' CRN2 
tr£ 3 TCTTCACTGCC 3" CRNl 

5' ATTCTCAAATGACC 

TTTACTCCACAACTC 5' 

tr£ i 

CRN2 TCTTCACTGCCCCT 

CRN6A T 

CRN6B A 

CRN6C G 

CRN5A TGTTGTCTGCCCCT 

CRN5B GC 

CRK5C GG 

CRN5D TA 

CRNSE CA 

CRN5F AA 

CRN4A TG TC GA C TG CO CC T 

CRNAB TA 

CRN4C TG 

CRK4D CT 

CRK4E AT 

CRN4F GT 

CRN3A TT TT CA C TG CC OC T 

CRN3B TC 

CRN3C TA 

CRN30 CC 

CRN3S AG 

CRN3P CC 

The mgioo bearing the mismatch is the -35 region of the synthetic E. Coli trp promoter. In competition 
with CRN 1 for annealing to the 5' overiap from trg 4 are CRN2 (control) of CRN3A to SC. Thes 
ollgonocleotides cover all possible single base pair mismatches with the trg 4 5* overlap. 
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Mitatialt and Mthodt 

OIlQonucleotKiM were synthesised by ttia improved solid phas phosphotri star m mod (Gait. M J at al 
(1980) Nucleic Acids Research 8, 108V1096 and Markham, A F et al(lfl80) Nucleic Acid Research 8. 5193- 
5205) and purified by high perlormance liquid chromatography initially on Pahsil 10-SAX amon-exchange 
columns (Jones Chromatography, Qlamorgan or Whatman Ud) then on Cti uBondapak reverse phase 
columns (Waters Associates Inc.) as described (Newton. C R et al (1983) Anal. Biochem. 129. 22-30). 

Sequencing of 5'^p radtoiabelled oligonucleotides were as dercrlbed by Maxam and Gilbert (Maxam. A 
M et al(1977) Proceeding of the National Academy of Sciences. USA 74, 560-564) for the cytosine plus 
thymirte. adenine, and guanosine greater than adenine cleavages and as described by Rubin and Sch**" ^ 
(Rubin. C M et al (1980) Nucleic Acids Research 8, 4613-4619) for the partial cytosine specific cleavage 
with hydroxylamine hydrochloride. 

T4 ONA llgase was from Boehrlnger Mannheim GmbH and the unit definition used throughout is that 
according to Weiss et al (Weiss, B et al (1968) Journal of Biological Chemistry ^43. 4543-4555). One unit 
being the enryme activity which exchanges at 37»C Inmole ^PPI Into Norlt absort>able material within 20 
minutes, Ugase reactions were carrid out In 66 mM Tris-HCI (pH7.e). 6.6 mM MgClj. 10 mM dithiothreitol 
and 0.4 mM ATP. 

T4 polynucleotide kinase was from New England Biolabs. the unit definition being the enzyme activity 
producing Inmote of acid insoluble ^p in 30 minutes at 37*C. Kinase reactions were carried out in 50 mM 
Tris-HCI (pH 9.0). 10 mM MgCb. 20 mM dithiothreitol, 0.1 mM spermidine, 0.1 mM EDTA. The ATP 
concentration was variable deporYding on the subsequent use of phosphorylated oligonucleotide. 

Adenosine 5' -{r^pl triphosphate, triethylammonium salt (^ ATP) was from Amersham International. 
ImCi per ml in aqueous ethanol with specific activity > 5000 Ci/mmol. 

Autoradiography was at room temperature or at -ZO'C using Kodak XR-5 film with llford fast tungstate 
intensifying screens [Laskey. R A at al (1977) Febs Letters 82. 314-341]. 

Electrophoresis was through 20% acrytamide (19.33% acrylamide. 0,67% bisacrylamide) gels contain- 
ing 7M Urea, 50 mM Tris-borate (pH 8.3) 1 mM EDTA unless otherwise stated. 

Electrophoresis samples were either resuspended or diluted with 80% formamide. 10 mM NaOH. 1 mM 
EDTA. 0.1% bromopherx)! blue. Samples were heat denatured at 100*0 for 2 minutes then rapidly cooled 
on ice prior to electrophoresis. Electrophoresis was across a potential gradient of 40V/cm till the 
bromophef>ol blue had migrated 15 cm from the origin unless stated othenwrise. 

labelM oligonucleotides were purified by polyacyiamide gel electrophoresis and ONA was recov- 
ered from gels by electroelution Into dialysis bags containing 10 mM Tris-borate (pH 8.3), 0.2 mM EDTA (1 
ml) across a potential gradient of 16V/cm for 45 minutes after which the polarity was reversed for 20 
seconds. Electroeluates were concentrated by successive butarK>l extractions to a voldume of approximately 
500 ul, extracted tHth phenol-chloroform {buffered with 0.5 M Tris-HCI (pH 7.5) then extracted with water) 
(500 ul). Aqueous phases were extracted with ether (3 x 1 ml), further concentrated by butanol extraction to 
approximately 20 ul, dried in vacuo and ethanol precipitated. Ethanol precipitation was accomplished by 
resuspending the ONA in 0.3 M sodium acetate (pH 5.6. 250ul) then addition and mixing of ethanol {800 
ul), chilling at -70*0 for 90 minutes or tonger followed by centrifuging for 15 minutes in an Eppendorf 
microcentrifuge. The pellets were dried In vacuo , resespended in water (500 ul). 

Cerenkov radiation was determined using an Intertechnique SL4000 Liquid Scintillation Counter with on 
line Ml 750 silent 700 printer. Electroeluates were transferred to siliconlsed 750ml microcentrifuge tubes 
placed In 20ul standard plastic counting vials (Packard). Samples were allowed to dark adapt for 10 minutes 
then Cerenkov radiation determined by setting the Liquid Scintillation spectrometer to count for tritium. 
Bands from gels wee excised, placed directly into plastic counting vials and Cerenkov radiation was 
determined as described for electroeluates. Quenching of Cerenkov radiation in get bands relative to the 
same amount of ^p-tabel)ed oligonucleotide in solution coukj thus be allowed for. 



Mlamatch compatWon reactlona; 

A total of 220 competition reactions were performed. Each mismatch oiigonucleotide or CRN2 
(sequence control) were competed with CRNI in a ONA Ugase assay at 0, 5. 10 . 15. 20, 25. 30. 35 and 
40»C. In each case a 0*C no enzyme control was included. All competitions w re carried out in a volume of 
60u1 and contained trg 4(5.0pmole). 3 (7.5p Mole), CRNI (7.5p Mole) and competing oligonucleotide (7.5p 
Mole). In nwlar concentrations total oligonucleotide was 456.5 nM. trg 4 was 63 nM. trg3. CRN 1 and 
competitor were all 124. 5 nM. 
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For each competing oligonucleotide a "competition mix" was pr pared comprising competitor (75p 
Mole) and CRNI (75 p Mole) in aqL*eous soluti n (390 ul). The competition mixes were divided into 10 
equal portions. Both oligonucleotides were S'-phosphorylated with .atP and polynucleotide kinase. They 
were further purified by polyacrylamide gel electrophoresis, electroelutton and ethanol precipitation as 
3 described above. Other reaction components were combined in a "tr2 mix" which contained trp 3 (7.5p 
Mole), trg 4 (S.Op Mole) and 1 0X DNA iigase buffer (6 ul) per 20 ul. 

For each temperature at which competition was studied, one aliquot of each competition mix and an 
aliquot of trg mix (200 ul) as transferred to each comperition mix and preincubated for 30 minutes. DNA 
Iigase also, equilibrated at the requisite temperature was added (1 unit in ul) and mixed except to the 0*C 
>o no enzyme controls where water (1 ul) was added. Incubations were for 30 minutes and le— r.ated by 
extraction with phenol/chlorpform and stored at -700 prior to electrphoresis. 

Aliquots (10 ul) were removed from the aqueous phases of the reactions performed across the 
temperature range for each competi.Hon and these aliquots mixed with separate portions of 
formamide/NaOH/bromophenol blue (20 ul) and electrophoresed as described. The series of temperature 
15 ranges for individual competitor oligonucleotides were run on separate gels which were autoradiographed cs 
described (see Figures 5. 6 and 7). 

Both bands from O'C no enzyme control were excised and Cerenkov counted to determine the actual 
proportion of competing oligonucleotide relative to CRNI. The product band from CRNi and the visibi 
product bands from competitor were similarly isolated and Cerenkov counted. If no competitor product band 
20 was visible the area of gel was isolated where product was anticipated by inspection of the autoradiograph 
from the competition of CRNI and CRN2. These bands vwe also Cerenkov counted to determine the 
proportion of mismatched product in the total product at each temperature. 

Typical results after a 30 min ligation at 0*C are presented in the Table. Where small amounts of 
mismatch ligation products were observed the yields of these were essentially constant at ligation 
35 temperatures of 0, 5, 10. 15. 20 and 25 "C. 

Yields of mismatched products were consistently reduced by approximately 50% when ligation was 
perfomied at 30'C and further reduced after incubation at 35»C. 
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Hisutch total I Hlsutch 

OligooaclMtlde Mlsutch pro<hict cpm pro^ct cpm prodact 



CRN 2 NONE 547 1214 45.1 

T 

CIW 3A ACAACTG 8 1244 0.6 

C 

CRN 3B ACAACTG 6 1196 0.5 

A 

CRN 3C ACAACTC 36 1206 2.9 

C 

CRN 3D ACAACTG 19 1329 1.4 

A 

CRN 3E ACAACTG 8 1232 0.6 

G 

CRN 3P ACAACTG 10 1086 0,9 

C 

CRN 4A ACAACTG 12 963 1.2 

A 

CRN 4B ACAACTG 12 1174 1.0 

/continued. . . . 
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TO 



T5 



Hisucch total 2 Hlsaatch 

OlifoimclMtld« HisMtch protaet cpa product cpa produce 



CRN 4C 



C 

ACAACTC 



15 



1183 



1,3 



20 



39 



CRN 4D 



CRN 4E 



CRN 4F 



CRN 5A 



CRN 5B 



C 

AOUCTC 
A 

ACAACTC 
G 

ACAACTC 
T 

ACAACTC 
C 

ACAACTC 



13 



24 



67 



27 



1303 



1281 



1208 



1136 



1328 



0.1 



1.9 



0.7 



5.9 



2.0 



CRN SC 



G 

ACAACTC 



22 



1070 



2.1 



CRN 5D 



T 

ACAACTC 



11 



1201 



0.9 



50 



CRN 5E 



C 

ACAACTG 



11 



1281 



0.9 




56 



18 
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TO 



15 



30 



Olig imelMtldtt Hlsuteh product cpa produce cpa product 

A 

CRN 5P ACAACTC 23 1207 2.1 



T 

CRN 6A ACAACTG 498 1383 36.0 

A 

CRN 6B ACAACTG All 12U 3A.7 

G 

CRN 6C ACAACTG 418 1222 34.2 

The mutts suggest ttiat detection of point mutations In DNA should be possible by performing assays 
in the presence of appropriate pairs of oligonucleotides one of which is complementary to the normal 
sequence arct one of which is complementary to the mutated sequence followed by analysis of the ligation 
products. 



Ctalmt 



1. A method for discriminating between alternative nucleotide sequer>ces, which mett>od comprises 
35 subjecting adjacent segments of a target base sequence to hybridisation with a detectable first nucleotide 
probe and with a second nucleotide probe, to form a hybrid, the nucleotide sequence of the first and 
second probe being such that where they form a split probe hybrid with a complementary target sequence 
tl>ey may subsequently be linked, subjecting any hybrid obtained to linkage, and detection of any hybrid 
obtained; 

^ the DNA sequence of the detectable first nucleotide probe and of the second nucleotide probe being such 
that a potential mismatch in the target sequence lies either l)etwoen the said probes or at the terminal end 
of one of said probes which is contiguous with the other of the said probes; 

the method t)eing effected such that a complementary target sequence is discriminated from a target 

sequefKe with one or more rKxxomplementary nucleotides. 
^5 a. A method as claimed In claim 1 wherein the detectable first nucleotide probe and second nucleotide 

probe are hyt)ridised to each side of a potential variant sequefKe in a target sequence the said prot>es 

being subjected to a linkage reaction which comprises introducing a nucleotide(s) complementary to either 

the normal or the suspected variant sequence and subjecting the nucleotide<s) to ligation; followed by 

detection of any hybrid ot)tained 
^ 3. A mettKxJ as claimed in daim 2 wherein detection is effected by subjecting any hybrid obtained to 

selective denaturing whereby any hybrid present, in which linkage of the detectable first nucleotide probe to 

the second nucleotkle probe has not been effected, is denatured. 

4. A nf^ethod as claimed in claim 2 or claim 3 wtwein the introduction of the said nucleotide{s) is 
effected by th use of DNA polymerase. 

55 5. A method as claimed in any one of claims 2 to 4 wh rein the detectable first nucleotide probe and 
second nucleotid probe are such that they hyoridis to the target sequence whereby to leave a gap of a 
single nucleotide t)etween the said probes. 
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6. A method as claimed in claim i m which a split probe wookJ be formed following hybridisatron wim a 
complementary target base sequence, any hybrid obtained betng subiected to'a linking r action for'iinking 
the d tectable first nucleotide probe to m second nuciecttde probe, and th hybrid thus obtained being 
subjected to appropriat treatment wh^r«»:y any hybrid present. In which linkage of the detectable first 
nucleotide probe to second nucleotide probe has not been effected, is denatured whereas no denaturation 
IS effected for a perfectly complementary detectaL^le linked oligonucleotide-target sequence hybrid. 

7. A method as claimed in claim 1 wherein, »»d;acent segments of the target base sequence are 
subiected to hybridisation with a detectable first nucleotide probe and with a second nucleotide probe such 
that a split probe hybrid would be formed with a complementary target sequence, the hybrid obtained 
where necessary being subjected to selective denaturing whereby to denature whichever of the first and 
second nucleotide probes is hybridised to a portion of the target base sequence with one oi more non- 
complementary nucleotides the hybrid obtained subsequently being subjected to a linking reaction whereby 
to link together the detectable first nucleotide probe to the second nucleotide probe, and where necessary 
subjecting the hybrid obtained to selective denaturation. whereby to discriminate between a target 
sequence complementary to the first and second nucleotide probes and a target sequence with one or 
more nucleotides non-complementary to one of the first and second nucleotide probes. 

8. A method as claimed in claim 1 for the analysis of translocations in a target base sequence wherein 
the detectable first nucleotide probe is adapted to hybridise across a region of potential translocation(s) and 
the nonKJetectable second nucleotide probe is adapted to hybridise to sequences adjacent to said potential 
transk)cation(s>. the non-detectable second nucleotide probe carrying one member of a binding pair the 
method composing formation of a split probe hybrid which is subjected to linking to form a linked orobe 
hybrid which hybrid Is then denatured. 

9. A method as claimed In claim 1 wherein each of the detectable first nucleotide probe and second 
nucleotide probe carry a moiety such that after hybrid formation, and denaturation where appropriate a 
signal is only detectable if a nucleotide sequence is obtained which carries both the moiety attached to th 
detectable first nucleotide probe and the moiety attached to the second nucleotide probe. 

10. A method as claimed in claim 1 for discriminating between alternative nucleotide sequences in 
which a target sequence is subjected to hybridisation with more than two oligonucleotide probes such that 
whem a complementary target sequence is present a split probe hybrid is obtained, the detectable first 
nucleotide probe being a terminal oligonucleotide probe which is detectable and the second nucleotide 
probe being the other tenriinal oligonucleotide probe which has attached thereto one member of a binding 
pair, individual other oligonucleotide probes{s) being hybridised separately but adjacently to a contiguous 
target sequence between the said terminal oligonucleotide probes, the hybrid obtained is then subjected to 
selective denaturafion whereby to denature any oligonucleotide probe hybridised to the target sequenc 
across a base pair mismatch, and the individual oligonucleotide probes linked to join the detectabi 
oligonucleotide probe to the oligonucleotide probe having one member of a binding pair attached thereto to 
fomi a linked probe hybrid which is then denatured and contacted with the other member of the binding 
pair whereby the detectable linked probe nucleotide sequence including the said binding pair may be 
separated from other nucleotide sequences. 

11. A split proba hybrid comprising a detectable first nucleotide probe and a second nucleotide probe 
hybridised to adjacent segments of a target base sequence, the detectable first nucleotide probe beino 
capable of linkage to the second nucleotide probe. 

12. A split probe hybrid as defined in claim 11 wherein the detectable first nucleotide probe and/or the 
second nucleotide probe are hybridised to either side of a vanant sequence associated with a disease state 
or to the cooesponding normal sequence; or are hybridised to the target base sequence such a that variant 
bas sequence associated with a disease state therein is at the terminal end of one of said probes which 
terminal end Is contiguous with the other of said probes or are hybridised to the corresponding normal 
sequef>ce. 

13. A kit for discriminating between alternative nucleotide sequences which comp-ises a detectable first 
nucleotide probe and a second nucleotide probe, each probe having a nucleotide sequence homologous to 
adjacent segments of a target sequence, a potential variant sequence being present in one of said 
segments or therebetween: the detectable first nucleotide probe and/or the second nucleotide probe being 
such that a potential variant sequence is at the terminal end of one of said probes, which teoninal end is 
contiguous with the oth r of said probes r the potential variant sequence is present between said probes 
the kit aditionally containng a reag nt(s) for linking said probes. 
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14. A Wt as claimed in claim 13 which contains a datectat)»e first nucleotide pr be and second 
nucleotide piDbe for detecting a point mutation associated with a disease state as well as a detectable first 
nucleotide probe and a second nucleotide probe for detecting' the corresponding normal sequence In which 
the point mutation was absent 
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